We present oxygen and carbon isotope records for benthic foraminifers from Ocean Drilling Program Sites 805 and 806 for the last 650,000 yr. Comparison of these records {Cibicidoides wuellerstorfi) with similar records from elsewhere shows that they are of excellent quality. The oxygen isotope patterns provide no evidence for substantial deep-water cooling in the western equatorial Pacific during glacial times (in contrast to the eastern Pacific and to the deep Atlantic). The carbon isotope record largely reflects global patterns and is influenced by the changing production rate of NADW (as evidenced in Pacific-Atlantic δ' 3C differences). Changes in planktonic-benthic δ 13 C differences in these records provide support for increased productivity during glacial periods in the western equatorial Pacific, in agreement with other evidence.
INTRODUCTION
Considerable evidence exists that major changes took place in deep-water circulation in the late Pleistocene on a glacial-interglacial time scale (e.g., Curry and Lohmann, 1983; Shackleton et al., 1983b; Keigwin, 1987; Curry et al., 1988; Duplessy et al., 1988; Keir, 1988; Oppo and Fairbanks, 1990) . Such changes have implications for the dynamics of heat transport, for geochemical budgets in the ocean, and for atmospheric CO 2 content. The deep Pacific Ocean, because of its great mass and uniformity, serves as a reference base in paleoceanographic reconstructions (Shackleton and Opdyke, 1973; Shackleton and Pisias, 1985; Fairbanks, 1987, 1990) .
The Ontong Java Plateau in the western equatorial Pacific is especially well suited for the purpose of recovering a reference record. The plateau is a large elevated area in the western Pacific that bears a thick cover of calcareous ooze. Ocean Drilling Program (ODP) Sites 805 and 806 are close to the equator, at depths of 3188 and 2520 m, respectively ( Fig. 1) . At these depths, the Ontong Java Plateau is bathed in Pacific Deep Water (Craig et al., 1981) . Primary productivity in the area of these sites is but moderately elevated at this western end of the equatorial divergence (Berger et al., 1987a) . Thus, the stable isotope records presented here should have a strong global component, little affected by equatorial upwelling and far from the influence of ocean margins.
The present study examines the oxygen and carbon isotope records of Sites 805 and 806 for the last 650,000 yr. We document the stable isotope record of Cibicidoides wuellerstorfi (= Planulina wuellerstorfi) and compare it with similar records from elsewhere, and also with planktonic isotopes, to obtain clues for oceanic changes that occurred during the late Pleistocene.
METHODS AND MATERIALS
Holes 805C and 806B were sampled at 10-cm intervals from 0 to 10 and from 0 to 14 m below seafloor (mbsf), respectively. Sample preparation is described by Schmidt et al. (this volume) . Carbon and oxygen isotopes were measured on the epibenthic species Cibicidoides wuellerstorfi> picked from the size fraction >250 µm.
Measurements were made at Bremen University on a Finnigan MAT 251 mass spectrometer. The samples were reacted with 100% phosphoric acid at 75 °C in a Finnigan automatic carbonate preparation device system. Calibration to the international Pee Dee belemnite (PDB) scale was done through the U.S. National Institute of Standards and Technology carbonate standards NBS 18,19, and 20. Long-term reproducibility (±lσ) for δ 18 θ and δ 13 C over 1 yr is 0.07%o and 0.05‰, respectively, for a calcite standard from Bavaria (Solnhofen limestone). The isotope data for Globigerinoides sacculifer for Sites 805 and 806 are taken from Schmidt et al. (this volume) .
For comparison to the deep Atlantic, we chose the benthic record of Core GeoB 1105-4 from the eastern equatorial Atlantic, representing the modern North Atlantic Deep Water (NADW) ( Table 1) . These data also are based on analyzing C. wuellerstorfi. They were generated at Bremen University (T. Bickert, unpubl. data). Additional data for comparison are taken from Shackleton and Pisias (1985) , who gave isotope data for Uvigerina senticosa from Core VI9-30, eastern tropical Pacific. Their δ 18 θ values were adjusted to those of C. wuellerstorfi by subtracting 0.64‰ (see Shackleton and Opdyke, 1973) .
ISOTOPE DATA AND STRATIGRAPHIC CONTROL
The raw data for C. wuellerstorfi for Holes 805C and 806B are plotted in Figure 2 and listed in Appendix A. The δ 18 θ and δ 13 C records from the two holes are similar and also resemble the benthic records from other equatorial Pacific cores (Shackleton and Opdyke, 1973; Shackleton and Pisias, 1985; Shackleton and Hall, 1989) . The record of Hole 806B appears to be undisturbed, except for small gaps at the core breaks (core 1/2 = 0.16 m, core 2/3 = 0.74 m; see Berger et al., this volume) . Outlier values at 8.59 mbsf correspond to an anomalously high peak in the sand fraction (Yasuda et al., this volume), probably indicating a small turbidite at this level. In Hole 805C, a hiatus seems to be present at 7.5 mbsf, leaving a gap between oxygen isotope stages 12.4 and 14.2, which corresponds to the time interval between 471 and 538 k.y.
Oxygen isotope records of both holes were correlated by peak-topeak correlation to the stacked isotope record given by Imbrie et al. (1984) . The resulting chronology (Appendix B) was compared with the age model by Berger et al. (this volume) , which is based on tuning to obliquity cycles (41 k.y.). The differences between these two age models are illustrated by juxtaposing the respective sedimentation rates obtained (Fig. 3) .
The overall agreement between the two approaches is quite good and validates the methods (Fig. 3) . However, clearly much more variability is present in the sedimentation rate record based on peak- Kroenke, Berger, Janecek, et al., 1991) . to-peak correlation than in that derived from tuning to obliquity. The resolution of age modeling by tilt cycles is restricted to one-half of a cycle of obliquity (20.5 k.y.). The control ages of a reference stack, in principle, is limited only by the number of age control points available (in this case, dated peaks) and by the scale of benthic mixing (a few thousand years). It should be kept in mind that the amplitude of variability of the sedimentation rate allowed by the tuning method is limited by the width of the band-pass filter around the 41-k.y. period. In the present case, this restricts variations to roughly ±20% from the average sedimentation rate. Peak-to-peak correlation, on the other hand, is susceptible to errors both from the original age assignments in the reference section and from artificial peak shifts caused by discrete sampling. The difference in age between the two chronologies is at most 13.5 k.y. at any one depth level. The mean sedimentation rates over the interval studied are 15 m/m.y. (Site 805) and 22 m/m.y. (Site 806) . This is only about one-half of the rates observed in eastern equatorial cores at corresponding depths (Shackleton and Pisias, 1985; Shackleton and Hall, 1989) . The difference between east and west reflects the higher supply of biogenic carbonates in the eastern tropical Pacific, which is the result of an approximately 2-3 times higher productivity (Berger et al., 1987a) . Sediments at Sites 805 and 806 consist of almost pure foraminiferal nannofossil ooze containing only a small admixture of siliceous components. The carbonate content for both holes is about 83%-87%.
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Site 806 is located well above the present depth of the foraminiferal lysocline in this region, whereas Site 805 is quite close to that level (3400 m; . Thus, much of the difference in sedimentation rate between the two sites (Fig. 4) presumably is related to the effects of carbonate dissolution, including removal by processes related to solifluction and resuspension, rather than chemical dissolution alone . The large fluctuations in dissolution intensity observed for the late Quaternary in this region (Hebbeln et al., 1990; Grötsch et al., 1991; should bear measurably on short-term fluctuations in sedimentation rate in Site 805. In addition to effects from carbonate dissolution, however, changes in productivity also must be considered. A decrease in sedimentation rates occurs away from the equatorial high-productivity zone (Berger and Killingley, 1982) , which might provide for a somewhat lower sedimentation rate at Site 805, located about 1° farther south from the equator than Site 806.
OXYGEN ISOTOPES: RESULTS AND DISCUSSION
The records of δ 18 θ changes in C. wuellerstorfi for Sites 805 and 806 ( Fig. 5 ) closely resemble previously published benthic records. The difference in δ 18 θ values between the two sites is typically 0.15%e (Fig. 6 ). This corresponds roughly to the expected delta-δ 18 θ for modern equilibrium values, attributable to the slightly lower temperature (and higher salinity) at the deeper site ( Table 2 ). The "core top" values (Table 2) were estimated (rather than observed) because during coring within the drill string the surface sediment is commonly disturbed. Calculations are based on the paleotemperature equation of Epstein et al. (1953) as modified by Craig and Shackleton (see Birchfield, 1987) . The relationship between salinity and δ 18 θ was taken from Zahn and Mix (1991) . This latter effect, in essence, is negligible in our case. The calculated "core top" values are in good agreement to the actual box core surface values on Ontong Java Plateau, as given in Vincent et al. (1981) (see also .
The last glacial maximum (LGM) value for Hole 806B (Table 2) coincides with values reported from other records from the Pacific (Shackleton and Opdyke, 1973; Keigwin and Boyle, 1985; Duplessy et al., 1988) . A glacial-to-interglacial difference in δ 18 θ of 1.3‰ is indicated. This value is close to the shift ascribed to changes in ice volume on this time scale (ca. 1.3‰; see Berger and Gardner, 1975; Berger et al., 1987b; Fairbanks, 1989) . Thus, the limited evidence available to us does not call for a substantial deep-water cooling during glacial times in the western equatorial Pacific, and the cooling of 1.1 °C reported by Birchfield (1987) would seem to represent an upper limit (cf. . In comparison, the oxygen isotope records from the eastern Pacific (Core V19-30) and the eastern equatorial Atlantic (Core GeoB 1105-4) show significantly greater LGM values. Assuming that salinity-related changes in δ 18 θ can be neglected, glacial decreases in temperature of 0.8°C for the eastern Pacific and of 1.7°C for the Atlantic are indicated.
The modern NADW is about 1.5°C warmer than the present Pacific Deep Water (PDW). Thus, the greater cooling in the deep Atlantic may be ascribed to reduced advection of NADW during glacial times (see Curry and Lohmann, 1983; Shackleton et al., 1983b; Duplessy et al., 1988; Oppo and Fairbanks, 1990) . Further back in time (Fig. 7) , the oxygen isotope record in the Atlantic (Core GeoB 1105-4) closely tracks to the Hole 806B record in interglacial stages, but it shows generally heavier values in glacial times. The eastern Pacific record (Core VI9-30; Uvigerina, adjusted), in contrast, shows a constant difference of about 0.3‰ to its western counterpart, probably caused by the difference in water depth (see Table 1 ) or by an incomplete correction of disequilibrium between the two measured foraminiferal species.
CARBON ISOTOPES: RESULTS AND DISCUSSION
The carbon isotope records of C. wuellerstorfi for Holes 805C and 806B (Fig. 2) suggest that periods of low δ 13 C tend to correspond to periods of high δ 18 θ, and vice versa. The magnitude of glacial to interglacial changes in δ 13 C has an average of 0.7‰ over the interval studied, with a maximum of 0.9%e at the Stage 11 to 12 transition. For the last 150 k.y., however, the difference between glacial and interglacial values is typically near 0.45%e, which corresponds to the change in the ocean's average carbon isotopic composition between the present and the LGM (e.g., Shackleton and Pisias, 1985) . This difference is thought to result from a decrease in continental biomass caused by the presence of ice sheets from increased continental aridity (Shackleton, 1977; Keigwin and Boyle, 1985) , and from the release, during times of lowered sea level, of organic matter stored on continental shelves (Broecker, 1981; Keir and Berger, 1983) .
But why does an increase in δ 13 C amplitude occur further back in time? Keigwin and Boyle (1985) proposed that the precession of the Earth's rotational axis is responsible for the variations in low-latitude biomass. Thus, the higher amplitude of the carbon isotope signal before 150 k.y. would be the result of an increased amplitude in the precession parameter. The precessional signal in the benthic record of Hole 806B, obtained by summing the Fourier terms corresponding to periods between 18 to 28 k.y., shows fair agreement with the precession index (Fig. 8A) . Indeed, an increase in amplitude of precessional signals (both the astronomic one and the one in the sediment) is indicated from the present back to about 200 k.y.; however, the maximum for the observed differences in glacial to interglacial δ 13 C values occurs exactly where the amplitude of the precession is at a minimum: between 360 and 430 k.y. Thus, the power of the precessional effects seems insufficient to explain changes in glacial-to-interglacial amplitudes in benthic δ 13 C in our data. Further support for this conclusion can be derived from comparing the eccentricity index (the envelope to the precession index) with the eccentricity-related signal in the benthic record, obtained by summing the Fourier terms between 83 and 111 k.y. (Fig. 8B) . One can see that neither precession nor eccentricity can account for the amplitude variation in the δ 13 C record of Hole 806B. In addition to short-term variations, a long-term cyclic "drift" also occurs in the carbon isotope record, with a period of about 500 k.y. and an amplitude of O.35‰ (Fig. 8B) . Shackleton (1985) suggested that this long-period cycle is a result of long-term changes in the proportion of carbon stored as organic carbon relative to that stored as carbonate.
A general correlation exists between climate and biomass, as seen in the covariance between the δ 18 θ and δ 13 C data (Fig. 9 ). For the last 150 k.y., the decrease in amplitude of δ 13 C fluctuation, as described previously, occurs simultaneously with greater variation in the δ 18 θ signal (squares and regression line, Fig. 9 ). Thus, the nature of the correlation of δ l8 θ and δ 13 C changes through time, suggesting nonlinear coupling of the two variables.
ATLANTIC-PACIFIC COMPARISON
In the modern ocean, values of δ 13 C of NADW are high for the deep-ocean environment (>l‰; Kroopnick, 1985) . The reason is that NADW is "young"; that is, it contains a large amount of water that was recently at the surface and was enriched with I3 C as a result of isotopic fractionation by marine algae (e.g., Berger and Vincent, 1986) . Values of δ 13 C of NADW decrease southward as the water ages and as it mixes with northward-spreading Circumpolar Deep Water (CDW) above and below, water characterized by low δ 13 C values (0.4‰). A branch of the CDW also is a source for PDW. On its path northward, PDW is depleted in 13 C because of the oxidation of 13 C-poor organic matter (to about 0.1%o at Site 806; see Kroopnick, 1985) .
For comparison of the deep Atlantic carbon isotope record with that of the deep Pacific, we again use Core GeoB 1105-4 (Fig. 7) , situated within the NADW water-mass layer. The Atlantic δ 13 C record has a much greater variability than the Pacific one (Fig. 10) . The maximum amplitude of the difference between the records is about 0.8‰ (Fig. 10, upper curve) . Apparently, the Core GeoB 1105-4 record cannot be taken as a typical NADW signal, however. Evidence from comparisons with other equatorial Atlantic records (Curry and Lohmann, 1983) suggests that the glacial δ 13 C values of this site are affected by pore-water effects resulting from high productivity in surface waters, similar to the carbon isotope values of endobenthic foraminiferal species. These effects lower the δ I3 C values by about 0.4%o (Sarnthein et al., 1988) on average. Nevertheless, the Atlantic δ 13 C values always remain higher relative to those of the Pacific site (Fig. 10) . Thus, basin-to-basin nutrient fractionation between the Atlantic and Pacific has existed throughout the late Pleistocene, being strong during interglacials and weakened during glacials (cf. Shackleton et al., 1983a; Boyle and Keigwin, 1986) . The instances of zero difference (top curve in Fig. 10 ) should be read as +0.4%c to correct for the pore-water effect mentioned.
On the whole, greater δ 13 C differences tend to correspond to greater delta-δ 18 θ values, and vice versa (Fig. 11) . However, in detail the Atlantic-to-Pacific δ 18 θ and δ 13 C differences are not closely correlated in a simple fashion. The production of NADW is correlated, on theoretical grounds, with atmospheric ρCO 2 (Keir, 1988) . However, considerable discrepancies exist between the record of δ 13 C differences and the pCO 2 record given by Barnola et al. (1987) . We shall not pursue this matter further here.
PLANKTONIC VS. BENTHIC δ 13 C RECORDS
The δ 13 C records for G. sacculifer and C. wuellerstorfi in Hole 806B (measured on the same samples) are similar to some extent (Fig. 12) . The benthic-to-planktonic δ 13 C differences show no trend at all, indicating that the long-term drift cycle in the benthic record (Fig. 8) is present in the planktonic record as well. In general, a greater δ 13 C difference is present in glacial than in interglacial times, suggesting stronger biologic pumping of organic carbon in glacial times. At the same time, overall δ 13 C values tend to be more negative during these periods. The amplitude of the delta-δ 13 C record reaches a maximum in Stage 10. The relationship between delta-δ 13 C (C. wuellerstorfi-G. sacculifer) and δ 18 θ (G. sacculifer) is not exactly the same for the two Ontong Java sites studied here (Fig. 13) . For the same heavy δ 18 θ values (glacials), delta-δ 13 C values are somewhat lighter at Site 806 than at Site 805, whereas the interglacial differences for the two sites are about the same. As pointed out previously, no significant difference exists between the benthic δ 13 C records of the two holes. Perhaps the slight differences seen in the delta-δ 13 C patterns can be attributed either to the effects of dissolution or to subtle differences in upwelling patterns between Site 806 (on the equator) and Site 805 (off the equator).
If the mean nutrient content of the deep ocean was greater during glacial periods than during interglacials, higher surface productivity would have reduced atmospheric CO 2 (Broecker, 1981 ). An overall increase in nutrients would have resulted in higher surface water δ 13 C relative to the δ 13 C of deep water. Given this scenario, the planktonicbenthic δ 13 C differences, a measure of the strength of the "biological pump," should match the atmospheric CO 2 record (Shackleton et al., 1983b; Berger et al., 1989) . Indeed, a general resemblance exists between the δ 13 C difference curve and the ρCO 2 record (Fig. 14) . However, discrepancies are present in the detail, suggesting that the delta-δ 13 C record is not a reliable proxy for pCO 2 . In any case, on theoretical grounds and based on observations, changes in surfacewater productivity cannot be taken as the only important (or even the most important) control on atmospheric pCO 2 in the late Quaternary. Rather, several mechanisms must be invoked, including the alkalinity of the ocean (Keir and Berger, 1983; Curry and Crowley, 1987; Boyle, 1988; Keir, 1988) . 2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 806Bδ18O(o/ooPDB) Figure 6 . Plot of age-equivalent δ
18 O values from Holes 806B and 805C (based on peak-to-peak correlation). 
SUMMARY AND CONCLUSIONS
The benthic stable isotope records at Sites 805 and 806 are of excellent quality and can serve as reference stratigraphies for paleoceanographic studies in the deep-water realm. Interference from productivity effects at this western end of the equatorial upwelling system seems to be moderate to negligible.
The oxygen isotope patterns provide no evidence for substantial deep-water cooling at this location in glacial times, in contrast to published findings for the eastern Pacific and the deep Atlantic. The benthic δ 13 C record largely reflects the global average range. No correlation exists between the variations in amplitude of δ 13 C and the precessional cycle, or eccentricity variation. Significant fluctuation is present in the differences in δ 13 C values between the deep Atlantic and the deep Pacific, as a result of variations in the production of NADW.
Changes in planktonic-benthic δ 13 C differences suggest increased productivity during glacial times in the western equatorial Pacific, in agreement with other evidence . This difference in δl3C, to some degree, can be used as a proxy for atmospheric CO 2 fluctuations (Fig. 14) . The exact relationship between proxy and target variable is complex and is not resolved. A number of different variables have to be considered for that purpose (e.g., Keir, 1988) . Nevertheless, of these proxies, δ 13 C in foraminifers is probably the most important.
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